Abstract: 7-Acryloyloxy-4-methylcoumarin (ACU) monomer was polymerized with N-cyclohexylacrylamide (NCA) in different feed ratio using AIBN (Azobisisobutyronitrile) as initiator in DMF. The copolymers were characterized by 1 H NMR spectroscopy and the copolymer compositions were determined by 1 H NMR analysis. The reactivity ratios of monomers were determined using linear methods like Fineman-Ross and Kelen-Tudos. The value showed that ACU is more reactive than NCA. The copolymers contained a higher proportion of ACU units. Mean sequence lengths of copolymers were estimated from r 1 and r 2 values. ACU unit increases in a linear fashion in the polymer chain as the concentration of ACU increases in the monomer feed. The copolymers were tested for their antimicrobial properties against selected microorganisms.
Introduction
Coumarins are plant flavonoids widely distributed in nature. Coumarins (2H-1-bengopyran-2-ones) are important oxygen containing fused heterocycles used in drugs and dyes 1 . Coumarins be bound their class name to 'coumarou' the vernacular name of the Tonka bean (Dipteryxodorata willd, Fabaceae), from which coumarin itself was isolated in 1820 2 . They are the family of lactones containing benzopyrone skeletal framework that have enjoyed isolation from plant as well as total synthesis in the laboratory. The extract containing coumarin related heterocycles which were employed as herbal remedies in early days, have now been extensively studied for their biological activities 3 . The incorporation group as a fused component into parent coumarin alters the property of parent coumarin and converts it into a more useful product 4 natural coumarins are known to have antidiabetic activity 5 , anabolic antioxidant and hepato protective activities 6 . Substituted coumarins derivatives have been reported to have variety of biological activities. The potent antibiotics like novobiocin, coumaromycin and chartesium are coumarin derivatives.
One method of achieving antimicrobial polymers is the preparation of polymerizable monomers containing biocide moieties and then polymerizing subsequently or copolymerizing with another monomer [7] [8] [9] [10] . Coumarin polymers have not received considerable attention in the literature. However, the reported coumarin polymers possess variety of functions and appear to be interesting. Although there are a huge number of reports on monomeric coumarin derivatives, there are only a few reports on coumarin polymers 11, 12 . Bhrahmbhatt et al. prepared poly (3-phenoxycoumarin ethylene) and determined their toxicity effect on various fungal and bacterial strains 13 . These polymers showed good biological activity. Lee and co-workers 14 prepared Coumaryl acrylate and further they synthesized poly (cinnam-4'-yl methyl methacrylate). They investigated optical anisotropy using UV-Vis spectrometer and also studied the thermal stability of polymer films as photo alignment layer. Huyck et al. have synthesized coumarin functionalized poly (alkyl acrylate) and poly(alkyl methacrylate) random copolymers and studied the influence of copolymer composition on photocross-linking 15 . Lindsay and co-workers 16 synthesized the copolymerization of coumarin methacrylate with isobornyl methacrylate. These polymers showed tremendous non-linear optical properties. There are reports on the antifungal activities on monomeric coumarin, although works on coumarin polymers are rare. Since, coumarin and its derivatives have attracted considerable interest because of various physiological and biochemical properties, our interest was to synthesize acrylic copolymers with 4-methyl coumarin side groups. This work was taken up with a view to synthesizing biocidal polymers, derived from acrylic monomers as these polymers have many commercial applications.
The synthesis and development of antimicrobial polymers is one of the leading frontiers of research in polymer science. With this view, in our earlier work 17 N-cyclohexylacrylamide was copolymerized with 8-quinolinyl acrylate. Copolymers with different feed ratio were prepared and characterized by 1 H-NMR spectroscopy. The reactivity ratios of monomers determined by Fineman-Ross (r 1 = 0.84 and r 2 =2.86), Kelen-Tudos (r 1 =0.84 and r 2 =2.82). The r 1 .r 2 =2.42 value indicates the formation of random copolymers. The thermal stability decreases with increasing mole % of 8QA. It shows antimicrobial activity. The activity of copolymers against Fungi (A.N and A.F) increases with increasing mole % of NCA.
In this paper, we report the synthesis of N-cyclohexylacrylamide (NCA) and 7-acryloyloxy-4-methylcoumarin (ACU) copolymers in different feed ratio by free radical polymerization. The prepared copolymers were characterized by 1 H NMR spectroscopy. Copolymer composition was obtained from 1 H NMR data monomer reactivity ratios were determined by FinemanRoss 18 and Kelen-Tudos 19 methods. The prepared copolymers were characterized by calculating its reactivity ratio; mean sequence length, antibacterial and antifungal studies.
Experimental
The monomer N-cyclohexylacrylamide was prepared by the reaction of cyclohexanol with acrylonitrile. N-cyclohexylacrylamide was recrystallized in warm dry benzene. The white crystals have mp.115 o C and the yield was 87% 20 . The monomer was confirmed by 1 H NMR spectroscopy ( Figure 1 ).
Synthesis of 7-hydroxy-4-methylcoumarin and acryloyl chloride
7-Hydroxy-4-mehtylcoumarin and acryloyl chloride were prepared according to the process reported in the literature 21, 22 . Chem Sci Trans., 2014, 3(2), 722-730
Synthesis of 7-hydroxy-4-methylcoumarin
250 mL of concentrated sulphuric acid (H 2 SO 4 ) was added to a one liter three necked flask fitted with a thermometer, mechanical stirrer and a dropping funnel. The flask was immersed in an ice bath. Solution containing (0.23 mol) of resorcinol and (0.26 mol) of ethyl acetoacetate was added drop wise to the flask maintained at temperature less than 10 ºC with constant stirring. The reaction mixture was kept for about 18 hours at room temperature after completion of addition of the reagents. The contents of the flask were poured into crushed ice-water mixture where the product separated out.
Synthesis of acryloyl chloride
A mixture of acrylic acid (1 mol), Benzoyl chloride (2 mol) and hydroquinone (0.00 25 mol) was distilled at a fairly high rate through an efficient column. The distillate was collected in a receiver containing hydroquinone (0. 0025 mol). The product was obtained at a temperature between 85-100 ºC. The crude product was redistilled through the same column.
Synthesis of 7-acryloyloxy-4-methylcoumarin
To a 1L three-necked flask equipped with stirrer, thermometer and guard tube were added absolute alcohol (550 mL) and NaOH (4 g, 0.1 mol) and the contents were stirred until all NaOH was dissolved. Then, 7-hydroxy-4-methyl coumarin (17.62 g, 0.1 mol) was added to the above solution. The reaction mixture was heated to 60 ºC for 30 min. with stirring, then cooled to room temperature and then to 0-5 ºC. Freshly prepared acryloyl chloride (9.2 mL, 0.11 mol) was added drop wise within 60 min to the cooled reaction mixture. The temperature was maintained around 0-5 °C during the addition. After complete addition, reaction mixture was stirred for 90 min and it was poured into crushed ice water mixture where a white colored product was separated (Figure 2) . It was filtered, dried and recrystallized from methanol. mp: 122 ºC. Yield: 89%. 
Copolymerization
A total feed of 5 g of monomers N-cyclohexylacrylamide, 7-acryloyloxy-4-methyl coumarin and 50 mg of AIBN initiator were dissolved in 25 mL of DMF placed in a standard reaction tube to obtain a homogenous solution. The mixture was flushed with oxygen free dry nitrogen gas. The reaction vessel is then immersed in a thermostatic water bath maintained at 60 o C. The copolymerization reaction was allowed to proceed for an appropriate duration that would give a conversion below 10%. The solution poured in ice cold water to precipitate the copolymer and the copolymer washed with methanol to remove unreacted monomers. It was then dried in vacuum oven for 24 hours.
Antimicrobial assay
Antimicrobial analysis was followed using standard agar well diffusion method to study the antimicrobial activity of compounds [24] [25] [26] . Each bacterial and fungal isolate was suspended in Brain Heart Infusion (BHI) broth and diluted to approximately 10 5 colony forming unit (CFU) per mL. They were flood-inoculated onto the surface of BHI agar and then dried. Five-millimeter diameter wells were cut from the agar using a sterile cork-borer and 30 µL (5 µg compound in 500 µL DMSO) of the sample solution were poured into the wells. The plates were incubated for 18 h at 37 C for bacteria and at room temperature for fungi. Antimicrobial activity was evaluated by measuring the diameter of the zone of inhibition in mm against the test microorganisms. DMSO was used as solvent control. Ciprofloxacin was used as reference antibacterial agent. Ketoconazole was used as reference antifungal agent. The tests were carried out in triplicates.
Results and Discussion
The schematic representation of the copolymer is given below (Figure 3 Figure 4 and the following peaks appear in the copolymer spectrum; at 1.14 -2.96 ppm for cyclohexyl CH 2 group, at 3.68 ppm for backbone CH 2 , at 7.07-8.01 ppm due to ACU aromatic protons. 
Determination of copolymer composition
The copolymer composition was determined by 1 H NMR spectral analysis of the copolymer. The assignment of the resonance peaks in the 1 H NMR spectrum allows the accurate evaluation of the content of each kind of monomer incorporated into the copolymer chain. The area of coumarin moiety was used to determine the copolymer composition. Resonance signal at 7.07-8.01 ppm corresponds to aromatic proton, and their integrated intensity of this peak is compared to the total intensities of all the peaks in the copolymer spectrum, which is a measure of their relative areas. The copolymer compositions can be obtained using; X ACU = 15 A (aryl) 3A total +5A(aryl) Where X= mole fraction and A= peak area.
(1)
Reactivity ratios
From the monomer feed ratios and the resultant copolymer compositions, the reactivity ratios of monomer 1 (NCA) and monomer 2 (ACU) were evaluated by the methods of Fineman-Ross (FR ) and Kelen-Tudos (KT). The significant parameters of F-R and K-T and equation are presented in Table 1 . The reactivity ratios for NCA (r 1 ) and ACU (r 2 ) from the F-R plot ( Figure 5 ) and K-T (Figure 6 ) plot are given in Table 2 . The value of r 1 is less than 1 and r 2 is greater than 1. r 1 shows that NCA favors cross-propagation as opposed to homopropagation and r 2 shows that ACU favors homopropagation over cross-propagation. The r 1 . r 2 = 1.4 value indicates the formation of random copolymers. Figure 6 . Kelen-Tudos plot of poly (NCA-co-ACU) mean sequence length The mean sequence length 23 can be determined using the pertinent equations;
Where r 1 and r 2 are the reactivity ratios and M 1 and M 2 represent the concentration of NCA and ACU respectively, in the monomer feed. The mean sequence lengths of copolymers are given in Table 3 . It is significant to note from Table 3 that the ACU units increases in a linear fashion in the polymer chain as the concentration of ACU increases in the feed. 
Antimicrobial activities
The results of antibacterial activities (Figure 7 & 8 ) of copolymers were shown in Table 4 and Table 5 . The activity of copolymers against bacteria and fungi increases with increasing mole% of NCA. All the three copolymers impart almost similar activity against all the three bacteria. The polymers showed higher activity than the reference against in all the three bacteria. From the Table 5 , it is observed that the activity of copolymers against the fungi increases with increasing amount of NCA feed. When the content of NCA at 0.7 mole fraction, the polymers showed strong inhibitory effect against Aspergillus niger and Candida tropicalis. 
Conclusion
Copolymers of N-cyclohexylacrylamide and 7-Acryloyloxy-4-methylcoumarin in various feed ratio prepared were characterized by 1 H NMR method. The reactivity ratios of the monomers calculated by Finemann-Ross and Kelen-Tudos methods indicate that the copolymers are random copolymers. Calculation of mean sequence lengths showed that the ACU units increases in a linear fashion in the polymer chain as the concentration of ACU increases in the feed. The organisms antifungal activity was carried out by using Aspergillus flavus, Candida albicans and Candida tropicalis. The antibacterial activity was carried out by using Escherichia coli, Salmonella typhi and Bacillus cereus. It was observed from the results the both antibacterial and antifungal activity increases with increase in the concentration of NCA moiety. 
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